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Introduction
Being the most luminous member of the Local Group and the nearest archetypical spiral galaxy, M 31 serves as the best astrophysical laboratory for the studies of the physical and astrophysical processes that govern the structure, kinematics and the formation and evolution of distant galaxies. Recent deep optical surveys have revealed complex substructures within hundreds of kiloparsec (kpc) of M 31, with some of them stretching from M 31 all the way to M 33, which is about 200 kpc from M 31, suggesting a possible recent close encounter of the two galaxies (Ibata et al. 2007; McConnachie et al. 2009 ).
Detailed chemical and kinematic investigations of M 31 and associated substructures are vital for our understanding of M 31, and also for the theory of galaxy formation and evolution in general.
Finding background quasars in the vicinity of M 31 have the following two potential important applications. Firstly, the background quasars can serve as an ideal reference frame which would allow highly accurate astrometric measurement of the minute proper motion (PM) of M 31 and also the PMs of its associated coherent substructures. Secondly, absorption-line spectroscopy of bright background quasars can be used to probe the distribution, chemical composition and kinematics of the interstellar medium (ISM) of M 31, the Milky Way and the intergalactic medium (IGM) of the Local Group of galaxies. This technique can be used to probe structures further out from the center of the galaxy than would be possible with traditional stellar spectroscopy, or using H i 21cm observations. In addition, M 31 has alway been a focus of interest for astronomical observations. Extensive photometric data spanning tens of years exist. Therefore, identifying background quasars in the vicinity of M 31 should also enable the construction of a valuable sample for studying quasar variability.
The PM of M 31 represents one of the most fundamental quantities of the Local Group, and its accurate measurement is vital to the study of the formation, evolution and dynamics of the Local Group, in particular for quantifying the dark matter content. M 31 is known to be located at a distance of ∼ 785 kpc (McConnachie et al. 2005) , and is moving towards the Milky Way with a velocity of 117 km s −1 (Binney & Tremaine, 1987, p.605) . However, its transverse velocity has remained unknown for a long time. The Very Long Baseline Array, with a PM measurement uncertainty of the order of one micro-arcsec, has measured the distance and PM of M 33 by water maser observations field) using HST observations that span a time baseline of 5-7 yrs. Due to the sparseness of known background quasars, their analysis had to resort to using compact background galaxies as reference sources, even though it was hard to obtain highly accurate positions for those galaxies given their nature as extended sources. Being essentially point sources with zero PMs, background quasars can serve as perfect reference sources for highly accurate PM measurements, provided that enough of them with sufficient space density can be identified.
At the distance of M 31, even a luminous red giant branch star has an I magnitude fainter than 20, hence high resolution spectroscopic determinations of their chemical composition are no easy tasks even for a 10 m class telescope Gilbert et al. 2009 ). Absorption-line spectroscopy of background quasars allow one to probe the distribution, chemical composition and kinematics of the ISM associated with M 31, and this technique can be used to probe material further out from the galaxy center than is possible with traditional stellar spectroscopy or with H i 21cm observations (Chemin, Carignan & Foster 2009) . A number of papers have been published (see Savage et al. 2000; Schneider et al. 1993 LAMOST is a quasi-meridian reflecting Schmidt telescope with an effective aperture of about 4m and a field of view of 5 deg in diameter (Wang et al. 1996; Su et al. 1998; Xing et al. 1998; Zhao 2000; Cui et al. 2004; Zhu et al. 2006; Cui et al. 2010, and Cui, Zhao & , c.f. http://www.lamost.org/website/en/). Recording 4000 celestial object spectra simultaneously with a parallel fully controllable fiber positioning system, LAMOST is the telescope with the highest rate of spectral acquisition at the present time. After a period of two years of commissioning for the purpose of technical fine-tuning, performance characterization and optimization, as well as scientific capability demonstration, the LAMOST pilot surveys were initiated in October 2011 and completed in spring the following year (see Zhao et al. 2012) . In this paper, we report newly-discovered background quasars in the vicinity of M 31 and M 33, based on LAMOST data obtained during the commissioning phase of 2010 as well as during the pilot surveys from autumn 2011 to spring 2012.
Candidate Selection
With the aim of searching for background quasars in the vicinity of M 31 and M 33, we selected quasar candidates based on the available optical, near infrared (IR) photometric data in the extended area of M 31 and M 33. Only point-source quasar candidates were selected in order to provide a clean sample for the PM measurements and ISM/IGM studies. degree were selected by this technique for a limiting magnitude i ≤ 20.0. For the sky area also covered by the SDSS, we find that about 60% of these WISE IR quasar candidates overlap with the optically-selected low-redshift sample. As shown in Wu et al. (2012) , this IR-based technique is capable of finding quasars with redshifts up to z < 3.5.
On the other hand, for the central regions of M 31 and M 33, this IR selection algorithm also yields too many interlopers, in particular along the optical disk of M 31 and M 33.
We expect that most of these sources are actually candidates asymptotic giant branch (AGB) stars, planetary nebulae (PNe), young stellar objects (YSO) or red stars. These are interesting objects to study in their own right. Further more, finding quasars in the very central regions of M 31 and M 33 will be extremely valuable for the PM measurements and ISM spectroscopic studies. As such we have included all those candidates in our input catalogs for LAMOST observations. The cyan and blue circles in The LAMOST has 16 low resolution spectrographs, each accommodating 250 fibers.
From the fall of 2011, LAMOST impleted slit masks with a width of 2/3 the 3.3 arcsec fiber diameter, yielding a spectral resolving power ∼ 1800. Before that a mixture of full (i.e. no slit masks) and 1/2 slit modes were used, but mostly in full slit mode, which yields a spectral resolution ∼ 1000. The light that enter each spectrograph is split into two channels, the blue and red channels, for which the wavelength coverages are 3700-5900Å Luo et al. 2012) . Considering the uncertainties in the commissioning phase and the pilot surveys, and the relatively low S/N of most quasar candidate spectra, for the current work of identifying quasars, the non flux-calibrated spectra were used. Hence the photometric magnitudes serve as much better measurements of the brightness of our targets.
Results and Discussion
This current work is based on observations collected during the LAMOST commissioning phase and the pilot surveys when the LAMOST performance was still being characterized and optimized. Thus it is unavoidable that the data presented here suffer from some defects in one way or another, such as low throughput, poor sky subtraction and so on. The fiber positioning, although improved significantly in spring 2011, still has room for further improvement. Fortunately, given their characteristic broad emission line, quasars are easily identified. We visually examined the 1D spectra of each individual quasar candidate. We All the new quasars have reasonable S/N and at least two identified emission lines, thereby allowing reliable redshift estimates (see Fig. 2 ). In Table 1 , we present the catalog of these newly discovered quasars. The properties of these quasars, including target names (in format of Jhhmmss.ss+ddmmss.s), equitorial coordinates, redshifts, the observed SDSS u, g, r, i, z magnitudes without extinction corrections, i-band extinction from Schlegel et al. (1998) , and the selection criteria, are listed. Only a portion of the Table is shown here. The whole Table, containing information about all 526 new quasars, is available in the online electronic version. In the last column of the Table 1 , W indicates candidates selected with the IR criteria based on the WISE data, S indicates those optically selected using the SDSS criteria for low-redshift quasars, and M indicates those optically selected candidates based on the data from the KPNO survey of Local Group Galaxies. Columns 5-9 give the SDSS u, g, r, i, z magnitudes. For some targets only the g, r, i magnitudes are given. Those are targets selected by cross-correlating the WISE-IR candidates with the XSTPS optical catalog. Fig. 2 shows spectra of 7 new quasars spanning a wide range of redshifts. The spectra have not been flux-calibrated. At wavelengths shorter than 4000
A, where the instrument throughputs are low, as well as between the dichroic cross-over wavelength range 5700-6000Å, large spike-and trough-like artifacts often appear in the flux-calibrated spectra. This is particularly true for spectra with relatively low S/N, as is the case for many of our targets of interest here. Because of this, we have opted to not to use the flux-calibrated spectra. Since the LAMOST spectra were oversampled, we binned the spectra by a factor of 4 to improve the S/N. Cosmic rays which remained after pipeline processing were removed manually for clarity. The catalog and the individual spectra are available at the LAMOST public website http://www.lamost.org. The redshift has a bin size of 0.1, the y-axis is in quasar number density, as in Fig. 3 . The lowest redshift is found for J003842.80+384551.9, at z = 0.093, whilst the highest redshift object is J011118.08+325833.8, at z = 3.204. For the optical selection criteria adopted here, low-redshift quasars selected as outliers of stellar loci on the SDSS color-color diagrams are mainly z ≤ 2.2 quasars (Fan 1999; Richards et al. 2001) , whereas the optical/IR algorithm is capable of finding quasars of redshifts up to z < 3.5 (Wu et al. 2012 ). We notice that there is no significant difference in redshift distribution between the optical and optical/IR selected quasars, as illustrated by the blue and red lines in Fig. 4 , respectively.
For comparison, we also plot the redshift distributions of SDSS DR7 quasars. Except for the relatively lower number-density in redshift space, we can also clearly see that there are two troughs in the redshift distributions of LAMOST detected quasars (see Fig. 4 ), one near redshift ∼ 0.9 and another near ∼ 2.1. These are entirely due to the selection effects. λ2800 is redshifted to a wavelength ∼ 8700Å where sky emission lines dominate the region.
For the 213 'probable' quasar candidates detected in the LAMOST 2010 and 2011 datasets, either only one emission line had been detected or the spectrum was of marginal S/N. Since we were unable to discriminate the C iv λ1549 and Mg ii λ2800 lines, no redshifts were provided. Fig. 5 shows the distributions of quasars in redshift-magnitude space, we can see that not only the selection effects in redshift space, but also the low number density of quasars for i-band fainter than 18.0, indicate that the performance of LAMOST and 2D pipeline need to be carefully characterized and optimized. 
